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(57). (Abstract). 

(Subject). - ' 

To put forward a polyester film useful as base film of magnetic recording medium having excellent 

smoothness and sliding properties. 

(Construction). 

A biaxially orientated polyester film of the kind wherein the film mainly comprised polyester, 
characterised in that aggregable inorganic fine particle (particle A) having primary particle size of 30 
nm or less is contained in an amount of 6.0 X 10 [power 17] or less per 1 kg of said film, and particle 
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(particle B) having average particle dianrieter of 400 nm or less and also having an average particle 
diameter larger than the length of aggregate consisting of particle A in the film in the film thickness 
direction is contained so as to be 0.1-2.0 cm3 per 1 kg of said film. 

Patent Claims 

Claim 1 

A biaxially orientated polyester film of the kind wherein the film mainly comprised polyester, 
characterised in that aggregable inorganic fine particle (particle A) having primary particle size of 30 
nm or less is contained in an amount of 6.0 X 10 [power 17] or less per 1 kg of said film, and particle 
(particle B) having average particle diameter of 400 nm or less and also having an average particle 
diameter larger than the length of aggregate consisting of particle A in the film in the film thickness 
direction is contained so as to be 0.1-2.0 cm3 per 1 kg of said film. 

Detailed Description of the Invention 

(0001) 

(Sphere of Application in Industry ). 

This invention relates to a film consisting of polyester, suitable for base film for magnetic/ recording 
medium. 

(0002) 

(Technology of the Prior Art and Problems to be Overcome by this Invention) 

Recently, high density formation of magnetic recording density is encouraged, and therefore, 
improvement of electromagnetic conversion characteristics is required. As a direction to improve the 
electromagnetic conversion characteristics, in general, a process to flatten the magnetic recording 
layer is known, and the flattening of the surface of polyester film which is used as base film is 
required for this purpose. The formation of flat polyester film can be easily achieved, however, 
unless the film surface has appropriate surface roughness, the sliding properties and workability 
are remarkably decreased, moreover, the abrasion resistance falls, too. Accordingly, generally, 
particles are added in the polymer, film surface projections are formed, and the contact points on the 
film is decreased in effect. In the prior art, various techniques have been suggested in order to 
establish both these sliding properties and flatness. For example, there is a method and the like 
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wherein sliding properties are imparted by minute projections, and for the purpose of improving 
workability and winding properties, projections relatively greater than aforesaid projections are 
established in small number. However, accompanied with the high density formation of magnetic 
recording density, the large projections formed for improving the winding property cause drop out 
and lowering of electromagnetic conversion characteristic, and improvement is required. 

(0003) 

(Means to Overcome these Problems). 

These inventors carried out assiduous investigations into these issues, as a result, discovered that 
particle groups of specific particle size are caused to be present in the film in specific quantities, 
thereby both the sliding property and flatness was able to be established, and sliding property and 
winding characteristic were imparted without lowing the electromagnetic conversion characteristic. 
This invention was completed based on this discovery. 

(0004) 

In other words, the gist of this invention is a biaxially orientated polyester film of the kind wherein the 
film mainly comprised polyester, characterised in that aggregable inorganic fine particle (particle A) 
having primary particle size of 30 nm or less is contained in an amount of 6.0 X 10 [power 17] or 
less per 1 kg of said film, and particle (particle B) having average particle diameter of 400 nm or less 
and also having an average particle diameter larger than the length of aggregate consisting of 
particle A in the film in the film thickness direction is contained so as to be 0.1-2.0 cm3 per 1 kg of 
said film. ' 

(0005) 

Hereinafter, this invention will be described in greater detail. The polyester in this invention is a 
polyester mainly comprising aromatic dicarboxylic acid and aliphatic glycol, and it may be 
polyethylene terephthalate which is widely used as base film for magnetic recording medium, 
however, polyethylenenaphthalate is more preferred. Polyethylenenaphthalate has higher modulus 
of elasticity compared to polyethylene terephthalate and deformation of contact site is small, 
therefore, it is known to be more easily slid under the same composition of added particles. The 
polyethylenenaphthalate described here is a polyester containing at least 80 pts. naphthalene-2,6- 
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dicarboxylic acid component as acid component and at least 80 pts. ethylene glycol component as 
glycol component, and species wherein in addition to these components, acid components such as 
isophthalic acid, phthalic acid, terephthalic acid, adipic acid, sebacic acid or the like and glycol 
component such as propylene glycol, butanediol, 1 ,4-cyclohexane dimethanol, neopentyl glycol and 
the like are copolymerized, or species containing a hydroxy acid such as p-hydroxybenzoic acid as 
monomer component may be used. 

(0006) 

Moreover, it may be species which contains in accordance with requirements additives such as 
stabilizer, colorant, antioxidant, antifoaming agent, antistatic agent and the like. In this invention, as 
particle A, aggregable inorganic fine particles having primary particle size of 30 nm or less for 
example silicon oxide, alumina, carbon black and the like are contained in an amount of 6.0 x 10 
[power 17] or less per 1 kg film. Particle A is contained, for example, by processes such as slurry 
addition during polymerization, kneading into polymerized polymer chip or the like. Wherein, the 
aggregable inorganic fine particle refers to in organic particles wherein the- quantity of particles 
present singularly as primary particle in the film after molding is less than 30 % of the total, plurality 
of particles form aggregates, and behave as aggregate to some extent under strong stress such as 
drawing and the like, however, the aggregates are deformed corresponding to the deformation of 
film, and only a smaller internal void compared to the secondary particle diameter before deformation 
is formed. When the number of particle added is greater than 6.0 x 10 [power 17] or less per 1 kg 
film, the film surface roughness becomes too high and it is not preferred. 

(0007) 

As particle B used in this invention, for example, silicon oxide, calcium carbonate, an -organic particle 
formed by crossliriking monomer component, titanium oxide and the like are proposed, the average 
particle diameter of particle B is 400 nm or less, preferably 300 nm or less, more preferably 200 nm 
or less and also is greater than the length of aggregate consisting of particle A in the film in the film 
thickness direction. The particle having such average particle diameter is contained by slurry 
addition during polymerization, kneading into polymerized polymer chip or the like so that the total 
particle volume per film 1 kg comprises 0.1-2.0 cm3. When the total particle volume is less than 0.1 
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cm3, the improvement effect of workability, is small, and when the total particle volume is greater 
than 2.0 cm3, surface is not flat and it is not preferred. 

(0008) 

* Although, a flatness and sliding properties are imparted to some extent with single particle system 
consisting of each particle A or B, the particle system consisting of particle groups having different 
particle sizes as in this invention has superior travelling properties and winding characteristic. A film 
which is a biaxially orientated polyethylenehaphthalate film containing aforesaid particle groups, 
wherein the center line average roughness of 8 nm or less, preferably 7 nm or less, more preferably 
6 nm, and the with frictional coefficient is 0.55 or less, is a film having a high degree of flatness and 
easy sliding property. The process for the production of film of this invention is not limited in 
particular, and a coated layer may be preferably established during the film production step or after 
the film production corresponding to applications thereof. 

(0009) 
Examples 

Hereinafter, Examples are nominated, and this invention is described in further detail, however, will 
not be restricted by following Examples so long as the gist of this invention is not exceeded. 
Moreover evaluation process x in Examples are as follows. Moreover, "pts." in Examples, and 
Comparative Examples denotes "parts by weight". 

(1) Center line average roughness, Ra 

It was performed by a process in accordance with JIS BO601-1976. Roughness meter (SE-3F) 
made by Kosaka Laboratories KK. was used for the measurement. The centre line average 
roughness was measured under conditions comprising probe diameter of 2 jxm, probe load of 30 mg, 
cut-off value of 0.08 mm and measurement length of 0.8 mm. This was carried out at 12 
measurement points, from these, the maximum value and the minimum value were respectively 
disregarded, and the Ra was determined by the average value of 10 points. 

(0010) 

(2) Sliding property (id 
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Two sheets of films excised in 15 mm wide and 150 mm long were superimposed on a flat glass 
plate, a rubber plate was placed on top, a load was further placed on top, the films were caused to 
slide each other with contact pressure of two films of 2 g-mass/cm2 at 20 mm/min, and the frictional 
force was measured. The frictional coefficient when the films were slid by 5 mm was determined as 
dynamic friction coefficient jid. 

(3) Winding property 

When wound up in a roll, the appearance of the surface of the film roll and the edges are evaluated 
as follows: 

O: Little creases or grainy defects are present on the roll surface, and the edges are even. 

A: Little creases are present on the roll surface, however, grainy defects are generated slightly, the 

edges are slightly uneven. 

X: Creases and grainy defects are generated on the roll surface, or the edges are extremely 
uneven. 

(0011) ; - 

(4) Particle number 

The particle number of the film per 1 kg film was calculated by assigning the primary particle 
diameter d [mm] measured by transmission electron microscopy, the specific gravity, rho of 
substance constituting the particle [g/cm3], added pts.wt, c [%] into the following equation. 

Particle number = (6 x c) x 10 [power 13] / (pi x rho x d [power 3]) 

(5) Total particle volume 

The total particle volume per 1 kg film was calculated by assigning the specific gravity, rho of 
substance constituting the particle [g/cm3], added pts.wt., c [%] into the following equation. 

Total particle volume per 1 kg film = (10 x c) / (rho) [cm3] 

(6) The length of aggregate particles in the film thickness direction. 



v 
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The film cross section was photographed by transmission electron microscopy, the maximum 
diameter obtained by fitting two lines parallel to the thickness direction of the film is determined, a 
rectangle having such maximum diameter and also having the same area as aforesaid aggregate is 
formed, and the length of the other side of the rectangle was regarded as the length of the 
aggregate in the thickness direction of the film. The length was determined as average of 100 
aggregates. 

(0012) 
Example 1 

Naphthalene-2,6-dimethyl dicarboxylate ester 100 pts., ethylene glycol 60 pts. and calcium acetate 
monohydrate 0.1" pts. were charged to a reactor, and transesterification reaction was carried out. In 
other words, the start of reaction temperature was set at 180°C, the reaction temperature was 
gradually increased with distillation of methanol, and, after 4 hours, it was warmed to 230°C, and 
transesterification reaction was substantially completed. Next, phosphoric acid 0.04 pts. and 
ethylene glycol slurry containing spherical silicon oxide having particle size of 0.19 jjjti as particle B 
were added, thereafter, antimony trioxide 0.04 pts. was added, and polycondensation was carried 
out in accordance with conventional procedures. In other words, the temperature was gradually 
raised, the pressure was gradually reduced, and after 2 hours the temperature was set at 290°C, 
pressure was set at 0.3 mmHg, and the polyethylenenaphthalate containing silicon oxide 0.1 pts. 
was obtained. 

(0013) - 

When four hours had elapsed from the start of reaction, the reaction was stopped, and polyester 
was discharged under pressurised nitrogen. This molten polymer was transferred to an extruder 
x without further treatment, was filtered with a filter, thereafter, was extruded in strands and cut into 
chip-form. As particle A, fine silica particle aggregate having particle size measured by 
sedimentation method of 0.15 jim was kneaded into the obtained chip in an amount of 0.1 wt.% using 
biaxial kneading machine, and polyester raw material having limiting viscosity of 0.68 was obtained. 

(0014) 
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Next, the obtained polyester was dried, melt-extruded, and amorphous sheet was made using 
electrostatic application cooling method. The obtained amorphous sheet was drawn by 4.0 times in 
longitudinal direction at 130°C, and next, an aqueous coating agent comprising 95 pts. water soluble 
polyester containing terephthalic acid 92 mol.%, sodium sulfoisophthalic acid 8 mol.%, ethylene 
glycol 75 mol.% and diethylene glycol 25 mol.%, 5 pts. silica sol having average particle diameter of 
0.03 \im and 1900 pts. water was applied to one side, and drawing was carried out by 4.0 times at 

137°C in cross direction. Furthermore, drawing was carried out by 1.8 times in longitudinal direction 

i 

at 140°C, thereafter drawing was carried out by 1.1 times in cross direction at 200°C, andwhile 
tentering, heat-setting was carried out at 220°C, and the sheet was wound up while relaxing by 4 
% in longitudinal and cross directions during cooling. The discharge quantity was adjusted so that 
the film thickness of the final film became 6 urn. 

(0015) 

Example 2 ~ 

A film was obtained in the same way as in Example 1, except that, as particle B added during 
polymerization, 0.3 pts. of spherical particle comprising crosslinking polymer having particle size of 
0.10 |im with small particle size distribution was added and the particle A to be knead after 
polymerization was changed to aluminium oxide in an amount of 0.3 pts.. 

Comparative Example 1 

A film was obtained in the same way as in Example 1 , except that particle B was not added. 
Comparative Example 2 

A film was obtained in the same way as in Example 1, except that as particle B added during 
polymerization, 0.02 pts. of spherical particle comprising crosslinking polymer having particle size of 
0.64 \im with small particle size distribution was'added. 

(0016) 

Comparative Example 3 

A film was obtained in the same way as in Example 1, except that spherical silicon oxide having 
particle size of 0.31 p,m and 0.64 ^im was added in an amount of 0.09 pts. and 0.02 pts. respectively 
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during polymerization, and particles were not kneaded after poymerization. the results obtained in 
above are collated and shown in the following Table 1 and Table 2. 



(0017) 
(Table 1). 





Particle 


Particle 


Length of 


Particle 


Particle 


Particle 


Total particle 




A 


size 


aggregate 


number per 


B 


size 


volume 






urn 


urn 


1 kg film 




urn 


. cm3/1 kg 


Example 1 


Si02 


0.015 


0.10 


2.57 x 10 17 


Si02 


0.19 


0.15 


Example 2' ■ 


AI203 


0.013 


0.05 


2.89 x 10 17 


organic particle 


0.07 


0.87 


Comp. Ex. 1 


Si02 


0.015 


0.10 


2.57 x 10 17 








Comp. Ex. 2 


Si02 


0.01 5 \ 


0.10 


2.57 x10 17 


organic particle 


0.64 


0.17 


Comp. Ex. 3 


Si02 


0.31 


0.10 


2.88 x 10 17 


Si02 


.0.64 


0.1 



(0018) 
(Table 2) 





Ra (nm) 


yd 


Winding property 


Example 1 


5' 


0.42 


O 


Example 2 


6 


0.52 


o 


Comp. Ex. 1 


5 


. 0.61 


X 


Comp. Ex. 2 


10' 


0.45 


o 


Comp. Ex. 3 


9 


0.39 


0 



(0019) 

(Advantages Afforded by this Invention) 

The polyester film of this invention has flatness and sliding properties, and the commercial value 
thereof is high. 
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Rising Sun Communications Ltd. Terms and Conditions 

Rising Sun Communications Ltd. shall not in any circumstances be liable or responsible for the 
accuracy or completeness of any translation unless such an undertaking has been given and 
authorised by Rising Sun Communications Ltd. in writing beforehand. More particularly, Rising Sun 
Communications Ltd. shall not in any circumstances be liable for any direct, indirect, consequential or 
financial loss or loss of profit resulting directly or indirectly from the use of any translation or 
consultation services by the customer. 

Rising Sun Communications Ltd. retains the copyright to all of its' translation products unless 
expressly agreed in writing to the contrary. The original buyer is "permitted .to reproduce copies of a 
translation for their own corporate use at the site of purchase, however publication in written or 
electronic format for resale or other dissemination to a wider audience is strictlyforbidden unless by 
prior written agreement. 
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